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temperature methanol was added. The precipitates were collected by filtration with a membrane filter (PTFE, 200-nm pores) to obtain a crude product. The crude material was dissolved in tetrahydrofuran and precipitated with methanol (tetrahydrofuran/methanol = 2:1 in volume ratio), followed by collection with a membrane filter and washing with a mixture of tetrahydrofuran and methanol (2:1 volume ratio). This process was repeated for three times followed by further purification and removal of smaller oligomers with recycling preparative size exclusion chromatography (SEC) to obtain PP-A which is used for the next step. It is noted PP-PMI could not be purified with the recycling preparative SEC due to the low solubility.
Scheme S2. Synthesis of functionalized polyphenyles (PP-A) via Suzuki coupling reaction.

Synthesis of PP-AQ
Following the general procedure, Suzuki coupling was carried out between PP-Br (100 mg) S 7 and AQ-BPin (267 mg) to afford 115 mg of dark brown colored PP-AQ (96% yield). M w = 76-161 kg·mol - 
SEC analyses of PP-A
Size exclusion chromatography (SEC) analyses of PP-A were carried out in dilute THF solutions. Because of apparently strong aggregations, filtration of solutions of PP-A through syringe filters (PTFE, 200 nm) prior to the SEC analyses has presumably resulted in partial removal of higher-molecular-weight fractions of the polymers, and thus lower molecular weight values of PP-A compared to that of PP-Br (Table S1 ). Nevertheless, this result could also be partially due to increased rigidness of PP-A, which would lead to smaller molecular weight values based on the SEC analysis. The solubility of PP-PMI was not sufficient even in hot THF to be detected in the SEC analysis. This is assumedly because the PMI units with extended aromatic cores promote the aggregation. Table S1 . Number and weight average molecular weights (M n and M w , respectively) and polydispersity index (PDI) of PP-A.
PP-A (standard)
samples, considering the limitation of MALDI-TOF MS analysis for high-molecular-weight polymers with a broad molecular weight distribution. 
FT-IR spectra
An opla band previously assigned to the aromatic C-H at the "cove" position of the GNRs with the same edge structures appeared at around 867 cm -1 for GNR-AQ, 853 cm -1 for GNR-NMI, 869 cm -1 for GNR-PMI, and 852 and 864 cm -1 for GNR-Br ( Figure S5 ). These shifts of the opla bands are presumably due to the modulation of the vibrational modes of the GNRs by the functional groups, although unambiguous elucidation requires detailed theoretical studies. 
XPS analysis
The C 1s high resolution XP spectra in Figure 2a were self-fitted using individual emission peaks with similar fwhm (full width half maximum), and without additional constraint. For spectra of GNR-NMI and GNR-PMI, the ratios of red to green peaks deviate from 3/2, the value identified from the number of carbon atoms assigned to the respective peaks (see the color code in Scheme 1). This is because the photoelectron of the two sp 2 carbons marked with red are localized in the conjugated aromatic center, where other sp 2 carbons close to them can also contribute to the photoemission process. Additionally, the C 1s peak at ~289 eV observed for (Figure 2a) is possibly caused by shake-up process, which is related to the p-p* transition of C 1s emission. Alternatively, it can also be due to contamination with NMP used as solvent, as the measurement was done on a sample once processed with this solvent.
GNR-AQ
The elemental composition ratio of C% and N% can be readily derived by evaluating the intensity of core level photoelectron with respect to the manufacturer sensitivity factor:
Functionalization efficiencies for GNR-NMI and -PMI were calculated to be 90±16 and 91±24%, respectively, based on the N/C atomic composition ratios of 1.5±0.2 and 1.2±0.2% determined by XPS and taking into consideration the fact that 20 and 37 carbon atoms, respectively, are added together with 1 nitrogen atom per repeating unit upon the successful functionalization. Br 3p spectra showed mostly negligible feature from GNR-AQ, -NMI, and -PMI. Although 1 and 2 spots out of 6 showed detectable amounts of C-Br signals for GNR-NMI and -PMI, respectively, it was still at very low levels that did not allow reliable estimation of the atomic composition. On the other hand, the Br/C atomic composition ratio of GNR-Br could be estimated to be 1.9±0.2 %, corresponding to the degree of substitution of 79±9%. Cl 2p spectra of GNR-NMI and -PMI showed signals of aromatic C-Cl species with the atomic composition of approximately 0.3±0.1% and 0.5±0.1%, respectively, suggesting possible partial chlorination during the oxidative cyclodehydrogenation. Nevertheless, Cl 2p spectra of GNR-Br and -AQ did not display such signals, which indicated that the chlorination could be more efficiently suppressed for these two GNRs. Additionally, O 1s spectra could not be reliably measured due to the strong interference with Pd emission, which seemed to have remained inside the polymer samples as neutral metal and/or Pd(II) salt after the Suzuki coupling. Nevertheless, Fe species were not detected in all the GNR samples.
S 20 Table S2 . XPS derived N/C atomic composition ratio (%) and calculated functionalization efficiency for GNR-NMI and -PMI. Table S3 . XPS derived Br/C atomic composition ratio (%) and calculated degree of substitution for GNR-Br.
Br/C experiment (%) Br/C theory (%) Degree of substitution (%)
GNR-Br 1.9±0.2 2.4 79±9 Figure S12 . Br 3p XPS of the functionalized GNRs.
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UV-vis-NIR absorption spectra
GNR-AQ could be dispersed in NMP at a high concentration of 1 mg/mL with mild sonication, and the dispersion was stable at least for 1 day, without obvious precipitation as showed in Figure S10 . GNR-NMI and -PMI dispersions are only stable up to 30 min in the similar conditions even though these functional units contain branched alkyl chains. Nevertheless, 0.2 mg/mL dispersions of all GNR-A in NMP and TCB are stable for a week. The dispersions in NMP and TCB are filtered through syringe filters (PTFE, 5 µm pore), which gives more stable dispersions without visual precipitation for at least three months. These filtrates are used for the analyses by the UV-vis-NIR absorption spectroscopy. 
Computational methods and results
Following our previous studies, 10-13 all reported electronic properties are given for geometries fully optimized at the hybrid density functional theory using the Heyd-Scuseria-Ernzerhof (HSE) functional, 14 and a polarized 6-31G(d) basis set. 15 The electronic properties of the GNRs were calculated for an infinite system by using Periodic Boundary Conditions (PBC). A ksampling of 24 (47) points uniformly distributed along the Brillouin Zone was used. All calculations were performed by using the Gaussian09 package. Table S4 ). The substitution with Br is predicted to induce a rigid shift in energies (-0. Time Dependent Density Functional Theory (TD-DFT) calculations were performed to simulate the optical absorption spectra and assess the nature of the relevant electronic excited states, using the same functional and basis set. A finite tetramer was used to perform the TD-DFT calculations on the GNRs. 10 Moreover, the effects of the NMP and TCB solvents were introduced by means of the polarizable continuum model ( Figure S18 and Table S5 ). 16 In line with the experimental findings, these calculations only yield a modest spectral shift of the main optical absorption band in the ribbon upon edge functionalization. Figure S18 . Normalized, simulated UV-vis-NIR absorption spectra of the functionalized GNRs, in NMP as solvent described by the PCM model. AFM characterization GNR-A (A = -AQ, -NMI and -PMI) were dispersed (0.01 mg/mL) in TCB and filtered through syringe filters (PTFE, 0.5 µm pore). These dispersions were drop-caste on freshly peeled graphite crystal and annealed at 100 °C for 30 min. The self-assembled structures of GNR-A on these graphite substrates were studied using AFM. 
